The purpose of this study is to track the trends of low visual acuity (VA) from 2005 to 2014, and to investigate its associations with systemic blood pressure (BP) components among adolescents in Northeast China. A total of 55320 students of Han nationality aged 13 to 18 years were included. There has been a significant increase in the prevalence of low VA, with 31.3% in 2005, 40.2% in 2010 and 43.4% in 2014. In multivariable-adjusted logistic regression models, each 1-mm Hg increment in systolic BP (SBP) was associated with 0.8% (95% confidence interval [CI]: 0.1-1.6%), 0.5% (95% CI: 0.1-0.9%) and 1.1% (95% CI: 0.6-1.6%) increased odds of low VA for males in 2005, 2010 and 2014; each 1-mm Hg increment in pulse pressure (PP) was associated with 1.6% (95% CI: 0.7-2.5%), 0.8% (95% CI: 0.4-1.2%) and 1.2% (95% CI: 0.7-1.7%) increased odds of low VA. Higher PP categories had greater odds for low VA compared with the reference group. Similar associations were not observed for females. We conclude that higher prevalence of low VA was significantly associated with higher SBP and PP in males. Furthermore, there was a dose-dependent association between the prevalence of low VA and the levels of PP.
. Hypertension is one of the leading causes of cardiovascular disease, which contributes to more than seven million deaths each year worldwide 12 .
Pathophysiological and epidemiological studies have demonstrated that elevated blood pressure (BP) during childhood is a strong predictor for hypertension in adulthood 13, 14 . Furthermore, children with elevated BP also have an increased risk of developing end-organ damage, such as ventricular hypertrophy and increased carotid intima-media thickness 15, 16 . There has been a remarkable increase in BP levels and prevalence of hypertension among children and adolescents over the past 30 years, not only in China, but also in other developed countries [17] [18] [19] [20] [21] [22] .
Due to the dramatic increases in childhood low VA and hypertension, it is possible that these health issues might have some degree of interaction or correlation. Systemic BP has received significant attention for its role in the development and progression of various age-related ocular diseases. Epidemiological studies have indicated the association of BP components with glaucoma 23, 24 , cataract 25, 26 and macular degeneration 27, 28 in the middle aged and elderly. However, to our knowledge, there has been no research into the associations between low VA and systemic BP components in children and adolescents.
Liaoning Province is located in northeast China, with an average population density of 297 individuals per square kilometer, and is ranked 8th in total gross domestic product (GDP) in China. On the basis of three large cross-sectional surveys between 2005 and 2014 among high-school students from Liaoning Province, China, the purpose of the present study was to track the trends of low VA during the past decade, and to further investigate its associations with systemic BP components in adolescents in Northeast China.
Methods
Study population. Methods used in the present study were carried out in accordance with the approved guideline during research for human subject protection. At the same time, all experimental protocols were approved by the Ethics Committee of Tongji University, and informed consent was obtained from all students and their parents.
Data were obtained from three successively cross-sectional surveys carried out by the government in 2005, 2010, and 2014 in Liaoning province, China, which investigated the health status in Chinese school-age children. The surveys used a stratified multistage sampling method to randomly select schools from 14 cities in Liaoning Province (Shenyang, Dalian, Anshan, Fushun, Benxi, Dandong, Fuxin, Jinzhou, Yingkou, Liaoyang, Panjin, Tieling, Chaoyang, and Huludao). The sample size in each of the 14 cities was equal. All subjects were either primary or secondary school students. To ensure the accuracy of the survey comparisons conducted across 2005, 2010 and 2014, students were selected from the same urban and rural areas, where over 85% of the sampled schools remained the same across the different years. At the same time, the sampling strategies, measurements and quality control of all three surveys were identical.
In the present study, only junior and senior high school students of Han nationality, aged 13 to 18 years were included. Of the 55709 participants, we excluded 389 (0.7%) students due to missing data or extreme height, weight and BP values (>5 SDs from the survey year; sex-and age-specific mean). Finally, a total of 55320 participants (19265 in 2005, 19173 in 2010 and 16882 in 2014) with complete records on age, sex, region of habitation, height, weight, BPs, and VA data were included for further analyses. The distributions for sex and region were similar throughout the surveys (P = 0.875 and P = 0.279), with an approximate ratio of 1:1 in each survey year (see Supplementary Table S1 ).
VA measurements. Unaided distance VA was measured for the right eye, then the left eye, using a retro-illuminated Log MAR chart with tumbling-E optotypes (Precision Vision) in rooms with an illumination of approximately 500 lux. Students were required to indicate the direction of the E optotype within 5 seconds, and were observed closely for any squinting. Measurements began at a distance of 5 m, starting from the fourth line from the bottom (20/20) . If the student could identify the optotype, the optometrist pointed to the next smaller line. If he/she failed, the optometrist pointed to the next bigger line. The lowest line correctly read determined the VA for the eye. If the top line was not read correctly, participants were advanced to 2.5 m, and subsequently to 1 m 1, 11, 29 . VA examinations were performed by certified optometrists using a uniform protocol throughout all surveys. Because of limited resources, presenting VA and best-corrected VA were not measured. Low VA was defined as VA worse than 20/70. BP measurements. BP was measured according to the recommendations by the National High Blood Pressure Education Program (NHBPEP) Working Group in Children and Adolescents 30 using an auscultation mercury sphygmomanometer with an appropriate cuff size for students. The stethoscope was placed over the brachial artery pulse, proximal and medial to the cubital fossa and below the bottom edge of the cuff. Appropriately sized cuffs were used to cover at least 40% of the arm circumference at a point midway between the olecranon and the acromion of the right arm. Students were placed in a sitting position and allowed to rest for at least 5 min prior to measurement of BP. Systolic BP (SBP) was defined as the onset of "tapping" Korotk off sounds (K1), while diastolic BP (DBP) was defined as the fifth Korotk off sounds (K5). The mean of three separate BP measurements were calculated for each student. Pulse pressure (PP) was calculated as the systolic minus diastolic pressure.
Covariates. We included demographic variables (age, sex, region of habitation), body mass index (BMI), and behavioral variables (sleep duration, outdoor activity time, and homework time). Anthropometric measurements were conducted according to the same protocol by the same technicians in each administrative region across all surveys. Students were asked to wear light clothes, and stand straight on bare feet. Both height and weight were measured twice, and the mean value was recorded. BMI was calculated according to the weight divided by height squared (kg/m 2 ). In 2010 and 2014, all students were asked to fill out a questionnaire regarding various behavioral factors. In 2005, the questionnaire was conducted in some of the students who had received physical examinations (5514 out of 19265). There were no significant differences in demographic variables, BMI, BP values, and prevalence of low VA between students who undertook the questionnaire and those who did not for both sexes. In this paper, we used the following questions: "How many hours per day do you sleep?" (<6 h, 6-7 h, 7-8 h, 8-9 h, 9-10 h, ≥10 h); "How many hours per day do you do outdoor activity?" (<0.5 h, 0.5-1 h, 1-2 h, ≥ 2 h); "How many hours per day do you do your homework?" (<0.5 h, 0.5-1 h, 1-2 h, 2-3 h, ≥3 h). In the subsequent analyses, the categories were translated to time as these specific values: <0.5 h = 0.25 h, 0.5-1 h = 0.75 h, 1-2 h = 1.5 h, SCIEnTIFIC REPORTS | 7: 15990 | DOI:10.1038/s41598-017-14252-9 ≥2 h = 2.5 h, 2-3 h = 2.5 h, ≥3 h = 3.5 h, <6 h = 5.5 h, 6-7 h = 6.5 h, 7-8 h = 7.5 h, 8-9 h = 8.5 h, 9-10 h = 9.5 h, ≥10 h = 10.5 h.
Statistical analyses.
All analyses were performed separately for both sexes. Raw prevalence of low VA and standardized prevalence of low VA based on the age distribution in 2005 were estimated in different survey years. Chi-squared test was used to evaluate the differences in prevalence between two adjacent years. We reported the characteristics of adolescents in 2005, 2010 and 2014, and compared them between different sex groups. Associated factors of low VA were also compared between normal VA group and low VA group. Continuous variables were summarized as mean ± SD, and the comparison between groups was based on student's t-test; categorical variables were presented as percentage and the comparison between groups were based on Chi-squared test. Multivariable logistic regression analyses were conducted to evaluate associations of low VA with BP components adjusted for covariates. SBP, DBP and PP were entered into the multivariable models separately. We constructed 3 models: in Model 1, we adjusted for age and region of habitation; in Model 2, we adjusted for age, region of habitation and BMI; and in Model 3, we adjusted for age, region of habitation, BMI, sleep duration, outdoor activity time and homework time. PP values were also categorized by 10 mm Hg increments to study the association with low VA in multivariable models, using the lowest category as the reference group (≤30 mm Hg). All analyses were performed using SPSS statistical software version 20.0 (SPSS Inc., Chicago, IL). Two-side P values less than 0.05 indicated statistical significance.
Results
Trends of low VA. The raw and standardized prevalence of low VA for each survey year based on sex and region of habitation were presented in Table 1 . There has been a significant increase in the prevalence of low VA over the past decade, with 31.3% in 2005, 40.2% in 2010 and upwards of 43.4% in 2014. A similar pattern was observed in both sexes and all subgroups during the ten-year period (all P < 0.001 between survey years). Additionally, low VA was more prevalent in females than males; and in urban areas than in rural areas at different time points (all P < 0.001).
Participants' Characteristics. The general characteristics of the participants stratified by sex of the three surveys were shown in Table 2 . Overall, males had higher levels of BMI, SBP, DBP, PP and a greater percentage of high PP levels than females. Male students also had longer sleep duration, more time spent for outdoor activity, and less time spent for homework than females (all P < 0.05). There were no significant differences in age distribution and region proportion between males and females.
Comparisons of associated factors between normal VA and low VA group. As shown in Table 3 , participants in low VA group had older age, higher prevalence of urban region of habitation, higher BMI, shorter sleep duration, and less time spent for outdoor activity compared to those in normal VA group for both sexes in all three surveys, and additionally had more time spent for homework for both sexes in 2005 and 2014 (all P < 0.05). The association of low VA with BP components in multivariable logistic regression analyses.
The associations between the prevalence of low VA and individual BP components in multivariable logistic regression models were demonstrated in Table 4 . For males, higher prevalence of low VA was significantly associated with higher SBP and PP after adjusting for age, region of habitation, BMI, sleep duration, outdoor activity time and homework time in was no statistical significance using the univariate analyses, suggesting the possibility of confounding effects or effects of collineation. The odds ratios of the other variables adjusted in multivariable logistic regression model were presented in the supplementary materials (see Supplementary Table S2 ).
The association of low VA with PP categories. We also categorized PP values by 10 mm Hg increments, which showed that the prevalence of low VA was significantly associated with increasing PP levels for males in 2005, 2010 and 2014 and females in 2005 and 2014 (all P for trend < 0.01, Fig. 1 ). In the multivariable-adjusted models, compared with the reference group (≤30 mm Hg), males with higher PP categories had greater odds for Table 4 . Multiple logistic regression analyses of associations between low VA and BP components. Abbreviations: VA, visual acuity; BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure. low VA after adjusting for age, region of habitation, BMI, sleep duration, outdoor activity time and homework time. However, similar results were not observed for females in all three surveys (Fig. 2) .
Discussion
The present study demonstrated the significantly increasing trends of low VA among adolescents from 2005 to 2014 in Northeast China. Our main finding demonstrated that there were significant positive associations between the prevalence of low VA with SBP and PP in males. Furthermore, prevalence of low VA showed a dose-dependent association with PP categories, that is, males with higher PP levels experienced greater prevalence of low VA.
Liaoning Province has sustained rapid economic growth in recent years. Understanding the prevalence of low VA among school children in these rapidly developing societies and encouraging early corrective measures are essential in preventing long-term visual disability and providing early warning for an epidemic of low VA. In our study, the standardized prevalence of low VA among school adolescents aged 13-18 years rose significantly over the past decade, from 31.3% in 2005, 40.2% in 2010, to 43.4% in 2014. The school system in China has become more and more competitive in recent years, with an emphasis on early educational achievements and passing examinations. Participants in our study were all junior and senior high school students, who were under significant pressure in the preparation for senior high school entrance examination ("Zhongkao") and college entrance examination ("Gaokao"). The increased time spent engaged in visual tasks each day and decreased time spent playing outdoors, may be an important factor resulting in the increasing trends of low VA in adolescents.
The prevalence of low VA in children varies across different regions of the world and these statistics are often related to social, economic and cultural factors 9 . Additionally, excessive eye usage (such as Internet and television) 31, 32 , insufficient outdoor physical activities 29, [33] [34] [35] , and poor diet 31 have been demonstrated to be the most important modifiable risk factors related to the onset of low VA and its progression. However, there is substantial interest in identifying other potentially modifiable related factors.
In this present study, we found that higher prevalence of low VA was positively related to higher SBP and PP levels in adolescent males. To our knowledge, our study is the first which investigated the association between low VA and systemic BP components among children and adolescents, and the mechanisms are still unclear. We examined the pathological mechanisms of glaucoma for better interpretation of our results. The increase in BP leads to hemodynamic alterations, either locally or systemically, resulting in the reduction of ocular blood flow through the small and medium sized blood vessels in the eye, mainly the ophthalmic artery and capillaries 36, 37 . Current evidence suggests that ocular blood flow reduction contributes to ischemic damage of the optic nerve and/or retinal ganglion cells, which plays a prominent role in the progression of glaucoma [38] [39] [40] [41] . We postulated that reduction in ocular blood flow may also increase the likelihood of developing low VA in children and adolescents. Therefore, we found that there were significant positive associations between higher prevalence of low VA and elevated BP levels. However, all participants in our study were adolescents aged between 13-18 years, and thus the low vision is always reversible and non-organic. Interestingly, although the increase in SBP and PP was associated with low VA in adolescent males, this association was not obvious in adolescent females. The reason behind these differences in sex was unknown. We hypothesized that the weight of each risk factor for low VA among males and females was different. For example, in females, a positive association between low VA and BP components perhaps also exists, but at a much weaker level than that in males. There may also be other risk factors with greater weight which influenced the low VA in females. Additionally, higher prevalence of low VA was significantly associated with higher PP in females using multivariable logistic regression analyses in 2014 only; however, when PP values were categorized by 10 mm Hg increments, the dose-dependent association between the prevalence of low VA and the levels of PP was not observed. These data supported our hypothesis that the association with low VA still exists in females, albeit at a weaker level. Further studies are needed to better understand the mechanisms and differences in the role of sex and its relationship with VA in adolescent students.
One of the strengths of this study includes the recruitment of three large samples of students collected using the same protocol over a time period of 10 years from Liaoning Province, China. Additionally, we utilized data from 2005, 2010 and 2014, rather than a single survey, to explore the associations between the prevalence of low VA with BP components, thus avoiding accidental results. However, there are some limitations of our study in light of these results. Firstly, the questionnaire was not conducted for all students in 2005, and only the participants who undertook the questionnaire were included in the fully-adjusted model for multivariable logistic regression analyses. Secondly, although we have adjusted for many covariates in our analysis, a few related factors of low VA, such as hereditary traits, time of Internet use and television viewing were not included. Thirdly, the study was based on 3 cross-sectional surveys, as we know cross-sectional study can not determine temporal association. Our finding of BP components as related factors in males requires further verification in longitudinal cohort studies. Lastly, our findings were obtained from school-age adolescents of Han nationality in Northeast China, and therefore are inadequate for the generalization of China on the whole. Thus, further validation of studies which incorporate other regions would better depict the results of a nationwide population.
In conclusion, there are increasing trends of low VA among adolescents in the last decade in Northeast China. Higher prevalence of low VA is significantly associated with higher SBP and PP in adolescent males. Furthermore, there is a dose-dependent association between the prevalence of low VA and an increase in the levels of PP.
